We report the electrical transport in vertical Josephson tunnel junctions (area 400 µm2) using 
The development of tunnel Josephson junctions (JJ) is of technological relevance for many applications going from superconducting quantum interference devices (SQUIDS), to radiation detectors and rapid single flux quantum (RSFQ) digital electronic circuits 1, 2, 3, 4, 5 . Most of them require close-packed arrays of junctions, whose characteristic critical current I c and normal state resistance R n have to be uniform over large areas and on large scales from a few to tens of thousands of junctions. The use of high-T c superconductors (HTS) in JJ, due to the large superconducting gap and operating temperature range 6 , offers numerous advantages over other superconducting materials such as Nb 7 , nitrides 8 and MgB 2 9,10 . The large superconducting gap corresponds to a higher Josephson energy, increasing the devices frequency operation rates, relaxing the cooling requirements and reducing significantly the influence of the thermal noise.
Most research in JJ based on HTS such as YBa 2 Cu 3 O 7-δ is oriented to planar arrays developed using ion irradiation 11, 12 , edge ramp 13, 14 and bicrystals 15, 16 . The design and fabrication of vertical JJs allows an increased functionality by using barriers with different electronic and magnetic properties. Nevertheless, few successful reports have been published to this date. The main obstacle for the design of vertical tunnel junctions (TJ) using HTS is related to the 3D growth mechanism usually observed in thin films.
In this letter, we report the electrical properties of superconductor/ insulator /superconductor (SIS) vertical TJ's using GdBa 2 CuO 3 O 7 (GBCO) as superconducting electrodes and SrTiO 3 (STO) as the insulating barrier. The crystalline structure of GBCO/STO/GBCO trilayers was previously discussed in ref. 17 . The heterostructures display single phase with (00l) orientation. The STO surface displays steps which are mainly originated by the roughness of the bottom GBCO electrode (typical 1unit cell ~1.2 nm) 18 . The electronic homogeneity of the STO barrier as a function of the thickness was previously analyzed in GBCO/STO bilayers by conducting atomic force microscopy at room temperature 19 21 . In our research, the GBCO thickness has been selected by considering a tradeoff between T s and the presence of smooth surfaces 16, 20 .
The epitaxial GBCO/STO/GBCO trilayers were grown on STO using the conditions previously described in refs.18 and 19. The substrate temperature was kept at 730°C in an Ar (90%)/O 2 (10%) mixture at a pressure of 400 mTorr. After deposition, the temperature was decreased to 500°C, and the O 2 pressure was increased to 100 Torr. Finally, the samples were cooled down to room temperature at a rate of 1.5° C/min. A 2 nm thick STO buffer layer was introduced to reduce the nucleation of 3D topological defects in the GBCO bottom electrode.
The tunnel junctions design used 16 nm thick GBCO electrodes and a STO barrier with thickness Characteristic current-voltage (IV) curves were measured by using the standard four-point geometry in closed cycle refrigerator with a base temperature of 12 K. The current was applied using a Keithley source. The magnetic field H parallel to the barrier surface was applied with a copper coil. The main reason for this behavior could be related to the presence of pinholes. As we have shown previously for GBCO/STO bilayers, the electrical conductivity at the border of topological defects is significantly higher than the one in the terraces 19, 20 . If the borders of the 3D defects are pinholes (short circuits), I c is given by two different contributions: Josephson I J (terraces) and pinholes I p (borders of 3D defects). According to this scenario, I J decreases faster than I p when the STO thickness is increased. This agrees with the fact that our measurements indicate that I c ~I p for [G-3-G] (see below). Fig. 3 ). No Josephson coupling was observed for this sample, suggesting that the measured superconducting current originates in the electrodes and propagates through pinholes. When the polarization is up, the curves show a step-like transition to a normal state (current is injected from the top to the bottom electrode), however, when the polarization is inverted the normal state remains until a characteristic voltage where a reentrant superconducting state is observed. Suppression of the superconducting state with polarization has been previously observed in superconducting/ferroelectric (FE) bilayers 23 . It is known that ferroelectricity can appear in strained STO 24 . In this scenario, the jumps for the increment / decrement of the resistance could be originated by the switching of the FE domains 25 . 
It is important to mention that the IV curves for [G-3-G] display a different behavior than [G-1-G] and [G-2-G] (see

